Introduction
One of the central themes of the Euro Heart surveys is the adherence to guidelines in day-to-day clinical decisionmaking. To assess the role in clinical practice of recommendations based on expert consensus was an important aim of the recently completed Euro Heart Survey on congenital heart disease (CHD) in adults. In the relatively new field of adult CHD-in contrast to most other fields of cardiologythere have hardly been any large randomized trials to validate principles of management and compare treatments. In such circumstances, guidelines may yet fulfil an important role in formulating what constitutes optimal treatment, in summarizing clinical consensus, and in structuring clinical practice and research. In adult CHD, guidelines are especially important for decision-making and proper timing of (re-)intervention, for determining the optimal diagnostic modality and frequency for patient follow-up, and for the prescription of (prophylactic) medication. If it is found that guidelines are not adhered to in actual practice, it means that either education of practitioners needs to be improved, or that the guidelines themselves are deficient and need to be adapted.
Two major sets of guidelines have recently been published in the field: the Canadian Cardiovascular Society/American College of Cardiology guidelines [1] [2] [3] [4] and the guidelines of the European Society of Cardiology. 5 In this report, we describe the adherence to guidelines as it appeared from the data that were collected as part of the European adults CHD survey.
Methods
The general methods followed in collecting the data for this survey have been described previously. 6 Briefly, the patient population consisted of patients older than 17 years of age who had one of the following congenital cardiac conditions (referred to as 'defects' in the following): atrial septal defect II (ASD), ventricular septal defect (VSD), tetralogy of Fallot (ToF), complete transposition of the great arteries (TGA), aortic coarctation (CoA), Marfan syndrome, Fontan circulation, or cyanotic disease. Consecutive patients fulfilling the inclusion criteria (see below) were included retrospectively at their first visit to the outpatient clinic in 1998 (or else 1999 or 2000), and their follow-up data until December 31, 2003, were recorded reviewing the medical chart. The database was opened for data entry on July 1, 2003 , and closed on April 30, 2004. Data were derived from the patient files by trained nurses or physicians and then entered into an electronic case record file (CRF). Data collected included clinical characteristics, diagnostics and interventions performed. Any significant changes in the clinical condition that occurred during follow-up were recorded. Separate sections were devoted to interventional procedures, requiring both details regarding previous interventions, and those performed during the follow-up period.
Adherence to guidelines was evaluated for three separate categories of guidelines: guidelines for diagnostic procedures, operative-and catheter-based interventions, and drug treatment. Guidelines to be chosen for analysis was determined by the following criteria: relevance to clinical decision-making; relative simplicity; and fitness of the required data for CRF-based evaluation. An overview of the evaluated guidelines is shown in Tables 1-3 . In order to assess adherence to these guidelines, the patients for whom the guidelines were relevant were selected from the database. Next, the cases of these patients were entered into an analysis that we shall describe separately for the different categories of guidelines.
Diagnostic investigations Coronary angiography prior to surgery
All patients who underwent surgery were selected from the database and classified according to two criteria: whether or not coronary angiography was performed, and whether or not they met the (age) criteria specified in the guideline. This led to four possibilities, two of which were classified as undue-, respectively, insufficient use of diagnostic investigations. An example of this decision process is shown in Figure 1 .
Imaging of the aorta and exercise testing
As the guidelines do not specify how frequently these screening procedures should be performed, it was determined in which percentages of CoA, respectively Marfan patients, these procedures had been performed after 3, 4, and 5 years of follow-up. Imaging was defined as follows: in CoA, an investigation by either magnetic resonance imaging, or digital subtraction angiography; in Marfan syndrome, an investigation by either magnetic resonance imaging, or computed tomography scan, or abdominal echography. Numbers of patients still under follow-up after 3, 4, and 5 years are given as counts; percentages are followed by 95% confidence intervals (CI).
Operative-and catheter-based interventions
Essentially, the guidelines for operative-and catheter-based interventions specify that a particular intervention should be performed when one or more conditions in the status of the patient are fulfilled. In the following, we refer to this situation as the existence of an indication.
We first determined to which patients the particular guideline applied. These were, respectively, patients with an open ASD at study entry; patients with an open VSD at study entry; all Fallot patients; all CoA patients; Marfan patients who had not undergone an intervention before inclusion. Next, for each of these patients it was decided whether all data items were available that were necessary to evaluate whether or not an indication existed and whether or not an intervention had occurred. Patients for whom these data were lacking or insufficient were excluded from further analysis. The remaining cases were subjected to the following assessment.
It was determined if at one point of time during follow-up an indication existed, and whether or not the patient had undergone the particular intervention. If the answers to these two questions were concordant, the patient was considered to have been treated according to the guidelines. Discordant answers could result from either one of two possibilities that were further analysed as follows:
(i) The patients with an indication who did not undergo an intervention. The files of these patients were screened by the investigators (BM, PE, EB, JT: the 'panel') for data that might explain why an intervention was not mentioned in their record. This was done first by running through a list of reasons that were explicitly collected on the CRF. This included the following possibilities: 'scheduled for intervention', 'referred' (the design of the survey and anonymity requirements did not allow tracing the fate of such patients), 'patient refusal', 'lost to follow-up', 'deceased', 'high-risk', 'mentally retarded', or 'symptoms owing to other pathology'. The remaining cases were further evaluated according to whether one of the following situations applied: (a) the indication criteria were met only marginally or there were contra-indications not mentioned in the current guideline. This could lead to the consideration that non-intervention was justified after all; (b) essential data were lacking after all (which had only become apparent after a closer scrutiny of the case record). The cases left over after this 'sieving' process were considered as having not been treated according to the guidelines ('insufficient treatment'). After this analysis, each case was classified as 'explained' (scheduled for intervention, referred, patient refusal, symptoms due to other pathology, high-risk, mentally retarded, or otherwise justified by panel), or 'unexplained'; the unexplained cases included those who had deceased or were lost to follow-up (we considered that, in principle, we could not know whether or not these patients had been treated properly, as their death or being lost to follow-up could either have prevented intervention or have been the result of non-intervention), patients for whom data were found to be lacking after all, and, finally, the patients who, according to this analysis, had not been treated in accordance with the guidelines. (ii) The patients who underwent a relevant intervention, but without an indication. Similar to the above, a reason was sought by the investigators that could explain the intervention. Acceptable reasons could be that the patient suffered from the more elusive symptoms mentioned in the guidelines as warranting, but not necessarily requiring an intervention in all cases; or Table 3 Overview of evaluated guidelines on medication b-blocking agents in Marfan All patients, unless intolerable side effects Anti-coagulants for mechanical valves All patients with a mechanical valve should be on anti-coagulants Anti-thrombotics for arrhythmias in Fontan
Fontan patients with atrial arrhythmias should be anti-coagulated long-term Figure 1 Flow chart showing which numbers of operated patients with, respectively without, an (age-based) indication for pre-operative coronary angiography actually underwent coronary angiography.
the patient could have an alternative indication, not mentioned in the specific guideline; or the intervention was combined with another procedure. This, again, resulted in a classification of each of these cases as either 'explained' (meaning that intervention was justified after all) or 'unexplained'. Some of the unexplained cases were judged to be unexplained as essential data was lacking after closer scrutiny of the record. The remaining cases were considered as treatment not according to the guideline ('undue treatment').
The process of evaluating adherence to guidelines for interventions may be visualized by referring to Figure 2 , which summarizes the results of the analyses (see Results section below).
Drug treatment
The CRF contained a section devoted to drug use at inclusion and during follow-up. When patients were started on medication during follow-up, entry of starting dates was requested. The Kaplan-Meier method was used to estimate the percentages (95% CI) of patients who were using medication at the end of the follow-up period.
All statistical calculations were performed using the statistical package SPSS, version 12.01.
Results
The database of the Euro Heart Survey on adult CHD contains data of 4110 patients. Numbers of patients per defect and baseline characteristics of the patients are displayed in Table 4 . As explained earlier (Methods section), from among these patients all patients were selected to whom one of the assessed guidelines applied. Table 5 provides an overview of the numbers of patients selected for each guideline as well as the proportion of those for whom sufficient data for evaluation were available.
Diagnostic investigations
Coronary angiography prior to surgery In total, there were 608 patients who underwent an operation. However, we could not include 41 patients who underwent coronary angiography but who reached their 40th birthday (50th in the case of Marfan patients) during follow-up, as it was not known whether the angiography was performed before or after that date. Thus, 567 patients remained for the analysis, the results of which are displayed in Figure 1 . On the basis of these findings, the group of operated patients with an indication for coronary angiography but who did not undergo angiography was compared with the group with an indication who did undergo angiography. Disregarding the Marfan patients, the patients who did not undergo angiography were significantly younger than patients who did [median 46 years (inter-quartile range: 43-57) vs. 53 (47-62) years; P , 0.001, as assessed by the Mann-Whitney test]. 
Imaging of thoracic aorta/exercise testing in CoA
The results for the guidelines on imaging of the thoracic aorta and exercise testing in the patients with CoA, as well as the numbers of patients with at least 3, 4, and 5 years of follow-up respectively, are given in Table 6 .
Imaging of the abdominal aorta in Marfan Likewise, provided in Table 6 are the proportions of patients who had undergone imaging of the abdominal aorta at 3, 4, and 5 years respectively, as well as the number of patients still under follow-up at these times.
Surgical-and catheter-based interventions
The aggregate results of the analyses as described in the Methods section is shown in Figure 2 . For each guideline separately, Table 7 gives the number of patients with an indication, followed by the number of cases of 'undue treatment', respectively 'insufficient treatment'. Overall, 31 of the 698 patients with an indication were considered to have been treated insufficiently, i.e. 4% (95% CI 3-6%); and 15 of the 1210 patients without an indication had an unwarranted intervention, i.e. 1% (1-2%). Please note that in the Discussion section some details on individual cases are mentioned. These serve the purpose of illustrating some issues in the interpretation and functioning of guidelines, and are not spelled out here.
Drug treatment b-blocking agents in Marfan
Results regarding b-blocking agents in Marfan syndrome, anti-coagulants for mechanical valves (136 patients with a mechanical valve were identified) and anti-thrombotic therapy for arrhythmias in Fontan are given in Table 8 .
Discussion
Even though the care for adult CHD patients is a young discipline, guidelines have an important role in structuring clinical practice. The results of the analyses presented here confirm that the actual adherence to the proposed standards in clinical care is good with regard to the surgicaland catheter-based interventions and the prescription of prophylactic drugs, but not quite up to targets in the case of diagnostic investigations. As far as surgical-and catheter-based interventions are concerned, adherence to guidelines is particularly good to relatively simple and well-researched clinical guidelines, namely aortic root replacement in the Marfan syndrome, and ASD and VSD closure.
The method that was used to assess adherence to guidelines was to 'filter out' the patients who were not treated strictly according to the guidelines, and to subject these cases to a further scrutiny of the patient file for additional clinical information that could explain apparent deviation from the guideline. The logic behind this last step in the sieving process was the assumption that there is a 'grey area' in which the guideline is not decisive. In this discussion, particular attention will be devoted to these borderline cases, as they are the most instructive in evaluating the appropriateness of the current guidelines.
Diagnostic investigations
Most adult CHD patients are under regular follow-up. Screening and monitoring therefore are key elements in optimizing care.
Pre-operative coronary angiography is indicated in older patients to exclude coronary artery disease that might complicate the peri-operative course. We found that almost half of the patients above 40 years of age (50 in the case of the Marfan syndrome, because of the risk of compromising the fragile aortic root) did not undergo coronary angiography before surgery. The fact that the mean age was significantly lower in the patients who did not undergo angiography seems to indicate that in practice a higher age limit is observed. It should be noted that the prevalence of coronary artery disease as diagnosed by coronary angiography is below 4% for asymptomatic patients aged 40-70 years 7 and does not seem to increase sharply between 40 and 50 years of age. The evidential basis for a lower limit of an age of 40 as criterion for performing coronary angiography is rather weak. Therefore, this guideline might be a candidate for revision.
The other diagnostic procedures assessed pose a problem of a somewhat different nature. All pertain to screening and monitoring, i.e. serial measurements. Yet, the guidelines are silent as to how frequently investigations should be done. We have therefore considered periods of follow-up of 3, 4, and 5 years, assuming that the aortic diameters should be determined at least once in every 5 years. The fact that we found hardly any differences between followup of 3 and 5 years suggests that either aortic diameters are being monitored at regular time-intervals of at most a few years, or that they are monitored infrequently, or not at all. In any case, the outcome of our analysis should be PVR, pulmonary valve replacement; ARR, aortic root replacement. a The figures represent the total number of patients to which the guideline applied (m) and the number of patients with sufficient data for analysis (n).
the cause for concern that this guideline is insufficiently put into practice. As availability of imaging equipment is still limited, no distinction was made regarding the mode of imaging. However, it is to be expected that future research results will favour particular forms of imaging.
Surgical-and catheter-based interventions
In contrast to most other congenital heart defects, ASDs often manifest themselves for the first time in adulthood. In most specialized centres, the evaluation of open ASDs in adults is an important part of their care. The relatively long clinical experience with the management of ASDs has led to guidelines that are quite clear and well supported. Surgical repair of ASDs in childhood is known to be associated with excellent outcomes. 8 Because now almost all ASDs discovered in childhood are closed, we may assume that in most cases of an open ASD in our database the defect had remained undiscovered during childhood. The risks and benefits of closure later in life have been the subject of debate. In only one prospective randomized study, surgical treatment was compared with medical treatment in adults. 9 Despite the lack of hard evidence, the results of several retrospective follow-up studies [9] [10] [11] [12] have led to the almost uniform consensus that a 'significant' ASD when it becomes manifest in adulthood should be closed. Our analysis seems to confirm that the guideline is closely adhered to. However, the precise conditions favouring closure vs. conservative treatment have not been clearly defined. Moreover, closure of ASDs by a catheter-based technique appears to be associated with fewer/less severe complications in older patients, although long-term followup is not yet available. Hence, this current trend might necessitate a revision of the guideline.
In our cohort, a shunt with a Qp:Qs ratio . 1.5 :1 and/or pulmonary hypertension were major indications for treatment. It should be noted, however, that a cut-off of 1.5 :1 for the shunt ratio is not always observed in the literature. Thus, Attie et al. 9 used a ratio greater than 1.7 :1, established by right heart catheterization, as an inclusion criterion for their study.
Apart from these haemodynamic criteria, the guidelines mention a history of arrhythmias and/or paradoxical embolism as possible indications for ASD closure. However, it has been shown that ASD closure is not an effective remedy for arrhythmias. 10, 11 In our cohort, there were two patients with atrial arrhythmias as the sole reason for ASD closure. In addition, there were seven patients in whom paradoxical embolism was the sole reason for closure.
Compared with ASDs, only few VSDs needed to be closed [36 of 352 unclosed VSDs (10%), compared with 296 of 504 unclosed ASDs (59%)], which is not surprising given the fact that most VSDs are discovered in childhood. It is known that the long-term outcome is good after VSD closure in infancy and childhood. 13 On the other hand, an unclosed significant defect may lead to substantial pathology later in life, in particular pulmonary hypertension and left ventricle overload. We found no patients who should certainly have been operated but who were not. There were, however, several cases that give food for thought. In particular, the role of a history of endocarditis is unclear. In three cases, this was the only reason for operating, while on the other hand 12 unoperated patients had a history of endocarditis. There also is the question whether patients with only one of the indications for intervention should always be treated accordingly. For example, two patients had only moderate left ventricular volume overload, and two patients were in NYHA functional class II due to the VSD, but did not qualify for any of the other criteria. On the other side of the spectrum, a patient should be mentioned who was in NYHA class IV and had a left ventricular ejection fraction of 31%, but was not operated. Would this patient have benefited from closure of the VSD, or would an operation have further compromised the left ventricular function and provoked heart failure? In other words: should the guideline specify when the risks of operation outweigh the benefits?
Probably, the least well-established guideline is that for pulmonary valve replacement after correction of the ToF. After corrective repair of Fallot, re-intervention was necessary in about 10% of patients over a 20-year follow-up period.
14 In most cases, the intervention concerned the right ventricular outflow tract. One recent study reported that in a population of 171 patients with a mean follow-up of approximately 10 years, 9% of the patients underwent pulmonary valve repair. 15 Some degree of pulmonary valve insufficiency develops in almost all patients. It is generally agreed that in the more severe forms of pulmonary regurgitation, pulmonary valve replacement is indicated. However, the timing of the intervention is still an important matter of debate and research. 16, 17 Therefore, it must be concluded that the indications as set forth in this guideline are subject to alternative interpretation and are likely to be revised as more outcome data become available. Not surprisingly, we found more departures from this guideline than from those in the other cases. Deviations may be categorized as follows. First, in several cases pulmonary stenosis and not pulmonary insufficiency was the probable reason for pulmonary valve replacement. In other cases, moderate (and not severe) pulmonary regurgitation occurred in combination with one of the other criteria. This reflects the fact that it may be difficult to quantify the severity of PI. In one case, moderate PI in combination with a right ventricular outflow tract aneurysm (not mentioned in the guideline) probably was the reason for intervention. But even after classifying all these cases as 'acceptable', 15 cases remained in which treatment was incorrect, according to our appraisal (10 cases of 'insufficient treatment' and five cases of 'undue treatment').
Compared with the guidelines discussed earlier, which pertain to often complex clinical decision-making, the guideline for aortic root replacement in Marfan is rather straightforward and provides clear-cut criteria that can be readily established. The observation that dissection/rupture of the aorta in Marfan syndrome is in many cases preceded by a widening of the aortic root, has led to the strategy of prophylactic replacement of the aortic root. Cut-off values have been proposed and found to be satisfactory. 18 We found only three cases in which aortic root replacement was not performed when it should have been, and two cases in which it was performed while the aortic root diameter was below the threshold. A further indication for the impact of this guideline is the fact that in most cases aortic root diameters were available. Yet, it should be noted that when aortic root regurgitation is present, it may be a reason to replace the aortic root earlier (a few cases in our database). Also, improvements of surgical techniques, in particular valvesparing techniques, may shift the benefit/risk ratio and provide a rationale for earlier intervention.
The guideline for (re-)coarctectomy likewise relates to monitoring of aortic dimensions. After repair of CoA, residual or re-stenosis at the site of repair often necessitates a repeat intervention, 19 while untreated patients with (mild) CoA may become symptomatic later in life. The main reason to intervene in these cases is to attenuate the deleterious effects of the systemic arterial hypertension that goes with coarctation. These are such that, except in the case of very mild obstructions, interventions are indicated. The crucial haemodynamic feature that is used for diagnostic and monitoring purposes is the difference in blood pressure in the upper and the lower part of the body. This can be determined invasively by catheter. However, invasive diagnostics have been largely replaced by non-invasive imaging modalities, in particular Doppler echocardiography ('sawtooth' phenomenon) and magnetic resonance imaging. Unfortunately, these methods do not directly assess the haemodynamic severity of the stenosis. The requirement of the presence of 'resting or exerciseinduced hypertension and a resting arm/leg blood pressure gradient .30 mmHg' is therefore a criterion that is, in a sense, a compromise.
Judging from our data, actual treatment tends to be more conservative than recommended in this guideline. We found 16 cases in which the intervention criteria were fulfilled but in which no intervention took place, vs. five cases in which an unwarranted intervention was performed. In one of these cases the criterion for intervention was the ratio of aortic diameter at the stenosis site over the diameter at the diaphragmatic level (,0.7), which is an accepted criterion. It should further be noted that the untreated cases might include patients who were inoperable for anatomical reasons (hypoplastic arch).
This tendency towards a more conservative approach is especially noteworthy given the fact that recent research findings indicate that treatment should be even more aggressive than as recommended by the current guideline, in particular, as the advent of transcatheter techniques will reduce interventional risks. 20 
Medication
In general, the repertoire of drugs used in adult CHD is not different from that in other fields of cardiology. However, the indications for prescribing medication may be different. One example is the prophylactic prescription of b-blockers to prevent aortic dissection in Marfan patients. 21 The fact that more than 70% of the Marfan patients in the database were using b-blockers shows that this guideline is fairly well established, considering that the existence of side effects and patient reluctance to use b-blockers render the target of 100% unrealistic.
The use of anti-thrombotics after mechanical valve implantation is a general principle in cardiology. 22 Our finding that almost 10% of patients in this category were not using any form of anti-coagulation is therefore slightly alarming.
Prevention of thrombo-embolic events is also necessary in patients with Fontan circulation when they suffer from arrhythmias. As the prevalence of supraventricular arrhythmias is very high, this concerns a large proportion of the Fontan patients. Unfortunately, the Fontan circulation may also disturb the coagulation profile in such a manner that bleeding disorders result. 23 Anti-coagulation management in Fontan patients therefore, remains a major challenge that future guidelines will need to address.
Limitations
Evaluation of the adherence to guidelines in this survey did not have the character of an 'audit' and cannot be considered as an assessment of the 'quality of care'. Participation was on a voluntary basis, and data-entry was done by the participants in this survey, who, in many cases, included their own patients, with no hard guarantee of accuracy and reliability. Moreover, we based our assessment on data that were collected by means of a standardized electronic CRF. This imposed limits on the amount of detail with which we could evaluate each case. In particular, we were not able to include the full process of clinical decision-making with all its subtleties. On the one hand, we were not able to further analyse patients who were lost to follow-up, were referred to another centre, or died. On the other hand, we were not able to give the treating cardiologist a 'fair hearing' in case of apparent nonadherence to a guideline.
Conclusion
This survey shows that guidelines have gained an important role in the care for adult patients with CHD. Actual adherence to the proposed standards was found to be generally good, although in some aspects of clinical care, in particular the performance of diagnostic investigations at regular intervals, there was a lack of compliance, which is a cause for concern. As guidelines mostly incorporate previously established rules of good practice, also in a young discipline such as adult CHD treatment, recommendations should be formulated and offered to physicians working in the field, to encourage and support them in providing optimized care to their patients. Despite their possible need for revision and improvement, they seem to provide a practical and effective way to promote and consolidate good practice. In addition, they might be used as the basis for refined clinical research.
